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Previous studies have shown that abrogation of the 
cutaneous penneability barrier stimulates epidennal 
fatty acid synthesis and that this increase is required 
for barrier repair. The purpose of the present study 
was to detennine the enzymatic basis for this increase 
in synthesis. Acute barrier disruption by tape strip-
ping increased both acetyl CoA carboxylase (62%) and 
fatty acid synthase (54%) activities in the epidennis. 
Similarly, acute disruption of the barrier by topical 
acetone treatment increased epidennal acetyl CoA 
carboxylase (69%) and fatty acid synthase (43%) activ-
ities. In both acute models, provision of an artificial 
barrier by occlusion with an impenneable membrane 
prevented the increase in acetyl CoA carboxylase and 
fatty acid synthase activities, indicating that the in-
creased activity was dependent on an increase in 
major function of the skin is to provide a barrier to 
water loss [1]. This barrier is localized within the 
stratum corneum intercellular domains, which are 
enriched in cholesterol, ceramides, and free fatty 
acids [2- 4]. Removal of these lipids disrupts barrier 
function [5,6], which produces a homeostatic response in the 
epidermis that results in the rapid return of lipid to the intercellular 
domains and restoration of the barrier [6,7]. This repair response 
includes 1) increased lamellar body secretion [8], 2) the formation 
of new lamellar bodies followed by further lamellar body secretion 
[8], and 3) increased lipid synthesis in the epidermis [6,7]. 
Previous studies in intact mice have shown that barrier abroga-
tion increases cholesterol, sphingolipid, and fatty acid synthesis in 
the epidermis [6,7]. Moreover, provision of an artificial barrier by 
occlusion with a water-impermeable membrane prevents the in-
crease in epidermal lipid synthesis, further linking the changes in 
lipid metabolism with barrier function per se [6,7]. Several methods 
have shown that the increase in lipid synthesis in the epidermis is 
essential for normalization of barrier function: inhibition of epider-
mal cholesterol synthesis with the topical application of 3-hydroxy-
3-methylglutaryl coenzyme A reductase inhibitors, inhibition of 
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transepidennal water loss and cannot be attributed to 
nonspecific effects. In addition, chronic disruption of 
the barrier, produced by feeding an essential-fatty-
acid- deficient diet, also increased acetyl CoA car-
boxylase (127%) and fatty acid synthase (49%) activ-
ities in the epidennis. Again, occlusion with an 
impenneable membrane decreased both acetyl CoA 
carboxylase and fatty acid synthase activities toward 
nonnal. These results indicate that the increase in 
fatty acid synthesis that occurs in the epidennis after 
barrier disruption is due to a coordinate increase in 
the activities of both epidennal acetyl CoA carboxy-
lase and fatty acid synthase. Key words: acetyl CoA 
carboxylaselfatty acid synthaselfatty acid synthesis/transepi-
dermal water loss/essential fatty acid deficiency. J Invest 
Dermatol 104:401-404, 1995 
cerami de synthesis with a topical inhibitor of senne palmitoyl 
transferase, or inhibition of fatty acid synthesis with a topical 
inhibitor of acetyl CoA carboxylase (ACC); each of the above 
delays barrier repair [9-11]. T hus, the rate of synthesis of all three 
classes of lipids that form the permeability barrier is stimulated in 
the epidermis by barrier disruption , and these increases are required 
for barrier repair. 
The purpose of the present study was to determine the enzymatic 
basis for the increase in epidermal fatty acid synthesis that follows 
barrier disruption. Two major enzymes can be rate limiting for fatty 
acid synthesis depending on the tissue: ACC and fatty acid synthase 
(FAS) . To determine whether one or both of these key enzymes is 
regulated by barrier disruption, we measured the activity of both 
enzymes in the epidermis after barrier disruption by tape stripping 
(mechanical removal), topical acetone treatment (solvent extrac-
tion), or feeding an essential-fatty-acid-deficient diet (EFAD). 
MATERIALS AND METHODS 
Materials 
Animals: Male hairless (Hr/Hr) mice were purchased from Simonsen 
Laboratories (Gilroy, CA) and fed a standard chow diet and water ad libitum. 
Mice were made EFAD by removing them from the dam at 17 d of age and 
feeding them a linoleate-deficient diet for 6-1 2 weeks [12]. Control mice 
for the EF AD experiments were given linoleic acid for 4 - 6 d before study, 
which restores barrier function to normal levels. In some experiments, 
animals were occluded for 6 h with a Latex wrap immediately after barrier 
disruption, as described previously [5]. EFAD mice were occluded for 24 h. 
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Figure 1. Tape stripping increases ACC activity. The permeability 
barrier on one flank of a hairless mouse was disrupted by tape stripping. The 
contralateral flank served as a control. At 2 or 6 h, the animals were killed, 
the epidermis isolated, and ACC activity determined as described in the 
Methods. The results are presented as mean ::t SEM. n = 19 at 2 h; n = 15 
at 6 h. 
Biochemicals: Tris base, mannitol, A TP, ethylenediamine tetraacetic acid, 
ethyleneglycol-bis(f3-aminoethyl ether)-N ,N ,N' ,N' -tetra acetic acid, acetyl 
CoA, malonyl CoA, dithiothreitol, fatty-acid-free bovine serum albumin, 
and protease inhibitors were purchased from Sigma (St. Louis, MO). 
Nicotinamide adenine dinucleotide phosphate and dispase were purchased 
from Boehringer Mannheim (Indianapolis, IN) . 
Radiochemicals: 1-C4C]-acetyl CoA (51 mCilmmol) was purchased from 
ICN ; NaH14CO) (53 mCilmmol) was purchased from Amersham (Arling-
ton Heights, IL). 
Experimental Protocols One flank of 6-9-week-old anesthetized mice 
was tape stripped with cellophane tape or wiped gently with acetone-soaked 
cotton until transepidermal water loss rates exceeded 5.0 mg/0.5 cm 2 / h, as 
described previously [5,9 -11 ]. The contralateral side served as the control 
for all experiments. Transepidermal water loss was measured using a 
MEECO electrolytic water analyzer, as described previously [5,9-11]. 
Isolation of Epidentlis and Tissue Preparation: The skin was excised and the 
epidermis was separated by floating the skin , dermis-side down, on a 
solution of dispase (1.25 units/ml) in phosphate-buffered saline, pH 7.4, at 
37°C for approximately 45 min. The epidermis was peeled off the under-
lying dermis, frozen immediately in liquid nitrogen, and stored at -70°C 
until assayed. 
The frozen epidermis was homogenized in Tris-mannitol buffer (50 mM 
Tris, 0.25 M mannitol, 1 mM ethylenediamine tetraacetic acid, 1 mM 
ethyleneglycol-bis(f3-aminoethyl ether)-N ,N ,N' ,N' -tetraacetic acid,S mM 
dithiothreitol, pH 7.4) containing protease inhibitors (0 .1 mM Na-p-tosyl-
L-lysine chloromethyl ketone, 0.1 mM N-tosyl-L-phenylalanine chloro-
methyl ketone, 1 mM benzamidine, 4 J.Lg/ml soybean trypsin inhibitor 5 
J.Lg/mlleupeptin, 5 J.Lg/ml antipain, and 5 J.Lg/ml pepstatin). Homogeniza-
tion was done by hand in a Dounce homogenizer in a 1:10 ratio (w/v). The 
homogenate was centrifuged for 10 min in a microfuge, and the supernatant 
was used for assays . 
ACC Activity: The activity of ACC in 10 J.Ll of the homogenate was 
measured in duplicate at 37°C in a total volume of 100 J.Ll containing 100 
mM Tris-HCI (PH 7.4) , 1 mM dithiothreitol, 0.3 mM acetyl CoA, 2% (w/v) 
bovine serum albumin, 4 mM ATP, 2 mM MgC1 2 , 2 mM NaH I4C O ) (1.0 
mCi/mmol), and 10 mM citrate/MgCI2 [13]. Acetyl CoA and citrate/Mg 
were omitted from the blanks. After 1.5 to 5 min, depending upon the 
experiment, the reaction was stopped by addition of 50 J.Ll of 7% perchloric 
acid. The samples were centrifuged for 10 min to clarify the solution, after 
which 125 J.LI was transferred to microfuge tubes and dried in a centrifugal 
vacuum evaporator. The residue was resuspended in 100 J.LI of water and 
then mixed with 1 m1 of aqueous compatible scintillant. The tubes were 
placed in scintillation vials and left at room temperature for at least 12 h to 
ensure complete solubilization before liquid scintillation counting. Results 
are expressed as nmol of 14C incorporated into acid-stable product per min 
per mg protein. Under these conditions, epidermal ACC activity was linear 
with respect to both time (for at least 5 min) and protein (0-60 J.Lg). 
FAS Activity: The activity ofFAS in 40 J.Ll of homogenate was measured in 
triplicate at 37°C in a total volume of 1 m1 containing 100 mM potassium 
THE JOURNAL OF INVESTIGATIVE DERMATOLOGY 
1.25 
CJ Control 1.00 IZ2I T ... Stripped 
i 
~ 
~ 0.75 
c 
E 
i 
I 0.50 
.. 
.S! g 
I!" 
0.25 
0.00 L..... ___ ........ ---L-L"""'''-_ ____ .L---I.-''~4-__ ----J 
2HR 6HR 
Figure 2. Tape stripping increases FAS activity. The permeability 
barrier on one flank of a hairless mouse was disrupted by tape stripping. The 
contralateral flank served as a control. At 2 or 6 h, the animals were killed, 
the epidermis isolated, and FAS activity determined as described in the 
Methods. The results are presented as mean ::t SEM. n = 7 at 2 h; n = 10 at 
6 h. 
phosphate, pH 6.8, 5 mM dithiothreitol, 3 mM ethylenediamine tetraacetic 
acid, 50 J.LM malonyl CoA, 12.5 J.LM 1-C 4C]-acetyl CoA (3 .5-4.0 mCil 
mmol), and 0 .3 mM nicotinamide adenine dinucleotide phosphate [14]. 
Malonyl CoA was omitted from the blanks. The assay was stopped after 5 
or 10 min by addition of 60 J.LI of 70% perchloric acid. One milliliter of 
absolute ethanol was added to the sample, and the product was extracted 
with 4 X 6 ml of petroleum ether. The pooled extracts were dried under 
nitrogen and the radioactivity was counted. Results are expressed as nmol 
of 14C incorporated into fatty acids per min per mg protein. Under these 
conditions, FAS activity was linear with respect to both time (for at least 15 
min) and protein (0-125 J.Lg). 
Protein Determination: The concentration of protein in epidermal homoge-
nates was determined by the method of Bradford [15] using bovine serum 
albumin as the standard. 
Statistics: Statistical significance was determined using two-tailed Student t 
test or paired analysis. 
RESULTS 
Acute Barrier Disruption Increases Enzym.e Activity To 
determine the effect of acute barrier disruption on the key enzymes 
of fatty acid synthesis, we first studied the effects of tape stripping 
on ACC and F AS activities in the epidermis. Two hours after 
barrier disruption, ACC activity was increased by 41 % (Fig 1) and 
FAS activity was increased by 37% (Fig 2). Moreover, by 6 h after 
barrier disruption, ACC activity had increased further to 62% (Fig 
1) and FAS activity had increased to 54% (Fig 2). 
We next determined the effect of a different method of acute 
barrier disruption on ACC and FAS activities in the epidermis. As 
shown in Fig 3 , 6 h after barrier disruption by topical treatment 
with acetone, epidermal ACC activity increased by 69%, whereas 
epidermal FAS activity increased by 43%. Thus, acute barrier 
disruption by either mechanical means or solvent extraction in-
creased both ACC and FAS activities in the epidermis. 
Increases in Enzyme Activity Are Related to Barrier Func-
tion To determine whether the increases in enzyme activity 
could be attributed to either a defect in barrier function or a 
nonspecific tissue injury, we next determined the effect of provid-
ing an artificial barrier. Occlusion of tape-stripped skin with an 
impermeable membrane immediately after barrier disruption pre-
vented the increase in both ACC and F AS activities (Table I , 
experiment 1). Similarly, occlusion prevented the increase in ACC 
and F AS activities seen after barrier disruption with acetone 
treatment (Tab le I, experiment 2). These results indicate that the 
increases in both epidermal ACC and F AS activities after acute 
barrier disruption are dependent on an increase in transepidermal 
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Figure 3. Topical acetone treatment increases ACC and FAS ac-
tivity. The permeability barrier on one flank of a hairless mouse was 
disrupted by acetone treatment. The contralateral flank was treated topically 
with saline and served as a control. At 6 h, the animals were killed, the 
epidermis isolated, and ACC and FAS activities determined as described in 
the Methods. The results are presented as mean:±: SEM. n = 11 for the ACC 
experiment; n = 9 for the F AS experiment. 
Table I. Occlusion With an Impermeable Membrane 
Prevents the Increase in Enzyme Activitya 
Experiment 
1) Tape stripping ACC (n = 10) 
FAS (n = 7) 
2) Acetone ACC (n = 8) 
FAS (n = 8) 
Control + 
Occlusion 
3.65 :±: 0.36 
0.61 :±: 0.02 
3.20 :±: 0.32 
0.56 :±: 0.06 
Barrier Disruption + 
Occlusion 
3.42 :±: 0.51 
0.69 :±: 0.03 
3.05 :±: 0.43 
0.60 :±: 0.08 
n The permeability barrier on one flank of a hairless mouse was disrupted by tape 
stripping (experiment 1) or topical acetone treatment (experiment 2) . The contralateral 
flank served as a control. Immediately after barrier disruption, both flanks were 
occluded with a water-impermeable membrane (Latex). At 6 h, the animals were 
killed, the epidermis isolated, and ACC or FAS activity determined as described in the 
Methods. The results are presented as mean ±. SEM, in nmol incorporated/min/mg 
protein. There were no significant differences between the control-occlusion flank and 
the barrier disruption-occlusion flank. 
water loss, and cannot be attributed to nonspecific effects of either 
form of treatment. 
Chronic Barrier Disruption Increases Enzyme Activity 
We next determined the effect of chronic barrier disruption, 
produced by feeding an EF AD diet, on ACC and F AS activities in 
the epidermis. As shown in Fig 4, epidermal ACC activity was 
greater by 127% and FAS activity by 49% in EFAD mice. More-
over, occlusion with an impermeable membrane decreased both 
ACC and FAS activities in EFAD animals toward normal (ACC, 
EFAD versus EFAD-occluded, p < 0.05; FAS, EFAD versus 
EFAD-occluded, p < 0.02). These results indicate that chronic 
barrier disruption also increased ACC and F AS activities in the 
epidermis. However, whereas FAS activity was reduced to baseline 
levels by occlusion, ACC activity was suppressed only partially 
(37%; p < 0.05), suggesting that the increase in ACC activity in the 
epidermis of EF AD mice may not be due entirely to defective 
barrier function. 
DISCUSSION 
Previous studies have demonstrated that both acute and chronic 
disruptions of the barrier stimulate epidermal fatty acid synthesis by 
approximately twofold [11,16]. These increases in fatty acid syn-
thesis are related to changes in barrier function, as shown by the 
observation that provision of an artificial barrier (occlusion with an 
impermeable membrane) prevents the increase in epidermal fatty 
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Figure 4. An EFAD diet increases ACC and FAS activities. The 
permeability barrier was disrupted by feeding a diet deficient in essential 
fatty acids. Control mice were given linoleic acid for 4-6 d before study to 
restore barrier function to normal levels. Some EF AD animals were 
occluded with a Latex wrap for 24 h before study. Animals were killed, the 
epidermis isolated, and ACC and FAS activities determined as described in 
the Methods. The results are presented as mean:±: SEM. n = 3 for control; 
n = 5 for EFAD; n = 5 for EFAD-occlusion. 
acid synthesis [16]. Moreover, we have shown that this increase in 
epidennal fatty acid synthesis is required for permeability barrier 
repair [11]. Inhibition of epidermal fatty acid synthesis by topical 
treatment with 5-(tetradecyloxy)-2-furoncarboxylic acid, a drug 
that inhibits the activity of ACC, inhibits the formation of lamellar 
bodies, delays the return of free fatty acids to the stratum corneum, 
and prevents normal barrier restoration after acute disruption [11]. 
Because exogenous palmitate administration reverses all of the 
alterations induced by this drug, inhibition of barrier repair can be 
attributed to a deficiency of fatty acids and not to nonspecific toxic 
effects [11]. Providing further evidence of the importance of fatty 
acids is the finding that topical lipid mixtures that are devoid of fatty 
acids inhibit normal barrier repair [17]. 
In the present study, we demonstrate that both acute and chronic 
barrier disruption lead to an increase in the epidermal activities of 
both of the key regulatory enzymes for fatty acid synthesis, ACC 
and FAS. Moreover, similar to our observations for fatty acid 
synthesis, occlusion with an impermeable membrane prevents the 
increase in ACC and F AS activities after acute barrier disruption 
and normalizes these increases in EFAD mice. Although the 
increase in enzymatic activity might be thought to be due to a 
response to injury, the ability of an artificial barrier to inhibit the 
increase in fatty acid synthetic enzymes indicates that alterations in 
barrier function regulate these changes. The increase in epidermal 
fatty acid synthesis that occurs after barrier disruption can be 
accounted for by increases in the activities of ACC and FAS. These 
results parallel our earlier studies of cholesterol and ceramide 
synthesis, in which we showed that barrier function regulates the 
activity of the rate-limiting enzymes in the synthesis of these lipids 
[18,19]. 
In summary, the present study demonstrates that the increase in 
fatty acid synthesis that occurs in the epidermis after barrier 
disruption can be attributed to coordinate increases in the activities 
of both epidermal ACC and FAS. 
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